content in the root zone depends very much upon the aeration rate with the atmosphere, respiration rate of Anaerobic soils limit the amount of free oxygen available in the microorganism and plant roots, and solubility of gases rhizosphere, and therefore will impede grass root development and restrain nutrient availability for turf growth. An in situ study was in water, it is important to further understand the influ- 
M
anagement of putting greens with high CO 2 conto be 30 cm deep. Located under the rooting mix are perforatent in the root zone has always been a dilemma ted plastic drainage tiles, 10 cm in diameter, lying in the nato many golf course superintendents and turf researchtive soil.
ers (Bunnell and McCarthy, 1999; Chong et al., 2000) .
The greens were cultivated with a hollow tine aerifier
The composition of the atmospheric air has been de-(1.2-cm diam., 5-by 5-cm spacing, and 7.5 cm deep) during scribed in detail (Brady and Weil, 2000; Bremner and the first week of April and the last week of August in 1998. Blackmer, 1982; Bunnell and McCarthy, 1999; In 1999, the cultivation was performed again in the first week of April. In mid-June, the green was water-injection cultivated et al., 2000) . In the air, nitrogen is dominant at about once with a hydrojet (Murphy and Rieke, 1994) . No other 0.78 L L Ϫ1 . The remainder of the air is primarily O 2 , cultivation was conducted until the end of experiment.
Ar, and CO 2 . These four gases make up Ͼ0.9999 L L Ϫ1
In the experiment, nine greens were randomly selected. On of the atmospheric air. However, the proportion of gases each green, five 1-m-diam. circular plots were again randomly in soil air are different from that of the atmosphere. As selected for measurement. All the plots were marked by refera consequence of root respiration, microbial activity, encing to the sprinkler heads. Data collected from each plot and poor air exchange in the profile, CO 2 concentration included water content, CO 2 content, TQI, and soil physical in the soil air is higher than atmospheric levels. and chemical properties. To be consistent and to minimize Both CO 2 and O 2 play very important roles in plant the climatic influence on CO 2 content, all experiments were biological process (Kohnke, 1968) . The main biological conducted between 0600 and 1000 h with the condition that all greens had received regular irrigation and no rain fell for processes are photosynthesis and respiration. Reports The golf green had high CO 2 content during the warm combined into one single value and rated from 1 to 9 (with 9 season, particularly in late August. High accumulation the best). The TQI was then calculated by (Boniak et al., 2001): of CO 2 may be attributed to high soil microbial activity TQI ϭ (% of cover ϫ vigor and color)/9 in the golf green rhizosphere. Cultivation reduced CO 2 in the rhizosphere (Fig. 1) pected, low CO 2 was detected in the early spring (Fig. 2 declined. Cultivation of the green may reduce CO 2 content in the rhizosphere, but the benefit of cultivation decreased with time. Soil physical properties likely play a very important role in CO 2 content. Soils with high water content and poor drainage resulted in high CO 2 content. Inversely, soils with high infiltration rates may reduce the accumulation of CO 2 content in the profile. Therefore, to maintain a healthy turf, good drainage with a well-aerated rhizosphere is extremely important.
